found that an unidentified factor present in refined liver extract was necessary for the growth of the organism Leuconostoc citrovorum 8081. The addition of large amounts of folic acid to the culture medium was shown to produce slow growth in the absence of liver extract, suggesting some relationship between folic acid and the unidentified citrovorum factor (C.F.). Since then evidence has gradually accumulated that the citrovorum factor or factors are biologically more active derivatives of folic acid. The citrovorum factor also appears to be identical with folinic acid, a naturally occurring substance found by Bardos, Bond, Humphreys, and Shive (1949) to support growth of Letuconostoc citrovorum under the conditions described by Sauberlich and Baumann.
The citrovorum factor is about a million times more active for Leuconostoc citrovorum than is folic acid (Shive, Bardos, Bond, and Rogers, 1950) and is far more effective than folic acid in the competitive reversal of the toxicity of folic acid antagonists for L. casei (Bond, Bardos, Sibley, and Shive, 1949) , rats (Nichol and Welch, 1950a) , and mice Brockman, Roth, Broquist, Hultquist, Smith, Fahrenbach, Cosulich, Parker, Stokstad, and Jukes, 1950) . In the treatment of the megaloblastic anaemia of monkeys produced by dietary deficiency C.F. has been shown to be active in much smaller doses than folic acid (May, Sundberg, and Schaar, 1950) . The increased C.F. excretion in the urine of folic-acid-deficient rats and normal man after folic acid intake suggests an in vivo conversion of folic to folinic acid (Sauberlich, 1949) . Liver slices will bring about a similar conversion in vitro (Nichol and Welch, 1950b) .
In experiments on bone marrow cultures from cases of untreated pernicious anaemia folic acid has been found to act directly on megaloblasts producing ripening of these cells to normoblasts (Rusznyak, Lowinger, and Lajtha, 1948; Lajtha, 1950 (Lajtha, 1950 ) giving a C.F. equivalent of 0.01 ,ug. per ml. medium. Of the second extract 0.03 ml. of a 1 in 100 dilution was added to each ml. medium, this concentration being chosen as being near to the pharmacological dose in untreated pernicious anaemia. This gave a C.F. equivalent of 0.07 /u,tg. per ml. medium
In two experiments the ripening effect of folic acid in a concentration of 0.1 ,tg. and 0.01 jug. per ml. medium respectively was compared with the effect of the C.F. at the same level. After 48 hours (in one experiment after 24 hours) films of the marrow cultures were stained and differential counts made on the nucleated red cells by each of us independently.
The results of the experiments are shown in Tables I and II. culture Discussion It is clear that the C.F. has a similar ripening effect on megaloblasts in marrow culture to that found in previous experiments with folic acid. It also is able to overcome the action of the inhibitor present in serum from untreated pernicious SHEILA T. CALLENDER and L. G. LAJTHA anaemia (Lajtha, 1950; Thompson, 1950) . The effective concentration of folic acid used before was 2 ,ug. per ml. medium. In the present experiments 1/20 and 1 / 200 of this amount appeared to be ineffective. In contrast, similar concentrations, i.e., 0.1 and 0.01 yg. per ml. medium, of the C.F. showed a significant ripening effect. This provides further evidence that the C.F. is a biologically more active form of folic acid.
The previous finding that 0.03 ml. of a 1947 batch of refined liver extract ("pernaemon forte," Organon) ripened megaloblasts in vitro (Lajtha, 1950 ) now requires reconsideration. The effect could not be due to Bl2 since crystalline B12 was found to be inactive in vitro. The possibility that B12 in liver extract was modified in some way, giving a haemopoietic factor active in vitro similar to that found in normal serum, was suggested. There is good evidence for the existence of such a form of B12, but the processes involved in the preparation of liver extracts would destroy its activity (Callender and Lajtha, to be published). Alternatively the ripening effect could have been due to the presence of folic acid or the C.F. None of the batch of " pernaemon forte" is available for assay for these substances. Another refined liver extract (" anahaemin ") has, however, been tested. The folic acid content of the " anahaemin " was negligible, but the C.F. equivalent in 0.03 ml. of extract was 0.01 ,tg., which was sufficient in 1 ml. of medium to produce ripening of megaloblasts. At a lower concentration (C.F. equivalent 0.02 ,u,ug. per ml. medium) closer to the estimated pharmacological dose of liver extract, no ripening occurred. As pure C.F. this level was also ineffective. This suggests that the effect previously noted with "pernaemon forte" was due to the C.F. content of the extract. Summary
Pure citrovorum factor has a direct ripening effect on megaloblasts in bone marrow culture.
Weight for weight citrovorum factor appears to be more effective than folic acid in ripening megaloblasts in vitro. from the ganglion nodosum of the vagus nerve; in the second there were two separate tumours, one arising in the vagus nerve and the other in the carotid body of the opposite side; the third patient had an upper anterior mediastinal tumour; and in the fourth case there were three independent tumours, involving respectively the ganglion nodosum, carotid body, and adventitia of the aortic arch. Microscopically, these tumours all resembled those of the carotid bodies and those of the glomus jugulare. The carotid body, the glomus jugulare, the paraganglion intravagale, and the aortic-arch bodies all have a similar structure and are probably similar chemoreceptors; they form a " paraganglionic system" which is quite distinct from the chromaffin tissues. The development of similar, and not infrequently multiple, tumours from these several structures is thus readily understandable. This is the first report of tumours of the aortic bodies in man, though Bloom has described such tumours in the dog (Arch. Path., 1943, 36, 1 
